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OBJECTIVE: Parental obesity has been identified as a predominant risk factor for childhood overweight and obesity. We
investigated the relationship between parent and child obesity in South Korea, particularly linked with varying family
structures.
SUBJECTS AND METHODS: Data for households with children aged 2–18 years were taken from the pooled data of the Korea
National Health and Nutrition Examination Survey (KNHANES) 2007–2010 conducted by the Korea Centers for Disease Control and
Prevention (KCDC). The sample consisted of 17 453 individuals (7879 children and 9574 adults) from 5048 households with children
for this study. Children’s overweight and obesity prevalence was compared using both International Obesity Taskforce (IOTF) and
KCDC cutoff points according to parental weight status and household structure. Logistic regression analysis was used.
RESULTS: Significantly greater odds of overweight and obesity existed among children living with both parents (odds ratio
(OR)¼ 3.5, 95% confidence interval (CI): 2.71, 4.65) or one parent (mother: OR¼ 1.6, 95% CI: 1.22, 2.12; father: OR¼ 1.7, 95% CI: 1.37,
1.99). The adjusted ORs for overweight and obesity among children living with overweight mother only or overweight grandparent
only were approximately double that of children living with normal-weight mother (OR¼ 2.2, 95% CI: 1.22–3.82) or normal-weight
grandparent (OR¼ 2.1, 95% CI: 1.06–4.05).
CONCLUSION: Children living with overweight parent(s) or grandparent(s) were positively correlated with the risk for childhood
overweight and obesity. Socioeconomic status did not affect the observed relationships in this population, whereas the role of
genetic, dietary and activity patterns requires further exploration.
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INTRODUCTION
In recent decades, the prevalence of childhood overweight and
obesity has increased worldwide, with a higher rate of increase
projected for South Korea than other high-income countries.1,2
Over the last 8 years, the prevalence of obesity among South
Korean children and adolescents has increased significantly, going
from 5.8% in 1997 to 9.7% in 2005 (from 6.1% in 1997 to 11.3% in
2005 for boys and from 5.5% in 1997 to 8.0% in 2005 for girls).3 An
extensive literature in other countries has documented the high
correlation between child and parental obesity.4–6
Children are vulnerable to the social and environmental
pressures that raise the risk of obesity.7 Clearly, parents affect
dietary and activity patterns, particularly among preschoolers and
young children, which, ultimately, can impact child weight
status.8–10 While many studies have examined the relationship
between parent and child obesity, especially in Europe and the
United States, minimal research has examined this in the context
of varying household structures, for example, living with both
parents vs living in a single parent household.11–16 Limited
research in small samples has explored selected family structure–
child obesity relationships in Korea.17–19
This is the first nationally representative study of this relation-
ship in South Korea.20,21 We explore the relationship between
households headed by both parents, single parents (mother and
father) and grandparents, and child overweight and obese status.
SUBJECTS AND METHODS
Study population
We used combined data from the Korea National Health and Nutrition
Examination Survey (KNHANES) 2007–2010 conducted by Korea Centers
for Disease Control and Prevention (KCDC).22–25 KNHANES is a cross-
sectional and nationally representative survey of non-institutionalized
civilians aged 1 year and older in South Korea using a multistage, stratified
area probability sampling design for households in different geographic
areas and type of residence (apartment vs non-apartment dwelling).
Weights indicating the probability of being sampled were assigned to each
respondent, enabling the results to represent the entire South Korean
population.
The KNHANES consists of four survey components: health interview
survey, health behavior survey, health examination survey and nutrition
survey. We selected families with children aged 2–18 years who had
complete health examination data, representing about 40% of the total
sample. The final sample size was 17 453 individuals (7879 children and
9574 adults) from 5048 households with children. KNHANES was approved
by the KCDC Institutional Review Board.
Outcome measures
During the Health Examination Survey, height was measured with a SECA
225 (Vogel & Halke, Hamburg, Germany) and body weight was measured
on a leveled scale (GL-6000-20, CAS Korea, Seoul, Korea). For each subject,
body mass index (BMI) was calculated as weight in kilograms divided by
the square of the height in meters.
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Definition of obesity in children and adults
Obesity in children was defined according to the BMI cutoff points for age
and gender. We determined childhood obesity in terms of BMI26–28 cutoff
points for overweight and obesity defined by the International Obesity
Taskforce (IOTF)29,30 and KCDC.3,31 The IOTF developed age- and sex-specific
definitions of overweight and obesity based on BMI percentile curves that
pass through the adult BMI cutoff points of 25 kg m 2 (overweight) and
30 kg m 2 (obesity). We applied these same cutoff points to our data. The
KCDC criteria also used age- and sex-specific BMI values and classified
children as normal weight (o85th percentile), at risk of overweight (85th to
o95th percentile) or obesity (X95th percentile) according to the Korean
growth charts.32 We classified parents’ and other adults’ weight status
using the World Health Organization (WHO) recommended definition
of adult obesity:33 normal weight (BMI o25 kg m 2), overweight
(BMI 25–o30 kg m 2) or obesity (BMI X30 kg m 2).
Sociodemographic variables
Parental status was based on the adults with whom each child lived. It was
possible to measure both parents: mother, father and grandparent
caretakers. Unfortunately, too few households contained both
grandparents and one or both adult parents, so we could not unravel
multigenerational household structure from caretaker status. Data were
unavailable to separate biological from adopted parentage. Sociodemo-
graphic variables of interest included were age (2–6, 7–12 and 13–18
years), sex, region (large city, small city and rural), income level (X250%
minimum cost of living, 120–250% minimum cost of living and o120%
minimum cost of living), education of the adult in a household with
children (Xhigh school diploma vs ohigh school diploma), education of
each parent measured and used (Xhigh school diploma in both parents vs
ohigh school diploma in both parents) and household structure
(child living with: both parents, mother only, father only and grand-
parent(s) only).
Statistical analysis
All statistical analyses were conducted using SAS (release 9.2, 2009; SAS
Institute Inc., Cary, NC, USA). Chi-square tests were used to examine the
prevalence of childhood overweight and obesity according to their
parents’ and grandparents’ weight status among households with children
with Po0.05 set for statistical significance. Adjusted odds ratios (ORs) and
95% confidence intervals (CIs) were estimated using multivariable logistic
regression models of child overweight and obesity status on adult
overweight and obesity status according to household structure. Models
were controlled for possible confounding factors including: age groupings,
gender, region, income category and education of adult in a household
with children.
RESULTS
The demographic and socioeconomic characteristics of the
KNHANES population are shown in Table 1. The majority (89.5%)
of children lived with both parents, whereas a much smaller
proportion was living with a single parent (6.7% living with
mothers, 1.4% living with fathers) or grandparents (2.4%).
Approximately 70% of adults were educated higher than high
school diploma, 46% of the sample population resided in a large
city and 41% had income 4250% of the poverty threshold.
The prevalence of overweight and obesity among all adults in
households with children was 27.6% and 4.0%, respectively
(Figure 1). These rates differed by gender: nearly twice as many
fathers compared with mothers were overweight (37.5% vs 18.2%,
respectively). In general, at younger ages, men had higher
prevalence rates compared with women.
Using IOTF cutoff points, three times as many children were
classified as overweight compared with obese, at 17.5% and 5.1%,
respectively. Using KCDC cutoff points, however, the prevalence of
overweight (9.2%) is nearly equal to that of obesity (10.7%). Using
KCDC cutoff points, twice as many children in South Korea are
considered obese (Figure 1).




Number of individuals 17 453
Children 7879
Adults 9574
Number of households with children 5048
Percent of households with children (%) 39.8
Mean size of household with children 3.3
Child gender (%)
Male 53.0











Adults (X19 years) education of households with children (%)
oHigh school diploma 17.2
XHigh school diploma 82.8




Distribution of households with children (%)
Living with both parents 89.5
Living with mothers only 6.7
Living with fathers only 1.4
Living with grandparents only 2.4
Abbreviations: MCL, minimum cost of living; KNHANES, Korea National
Health and Nutrition Examination Survey. aWeighted to be nationally
representative. bCalculated values are based on MCL of each year. A family
is considered poor if its income falls below the MCL measured by the
government as poverty. cLarge city: cities with a population size greater
than a million; small city: cities with a population size of 50 000 to a million;
rural: villages and towns with a population size lesser than 50 000.
Figure 1. The prevalence of overweight and obesity among all age
groups in households with children, KNHANES, 2007–2010. *Refers
to the percent of (any) mothers/fathers that are overweight or
obesity, regardless of household structure. wWHO cutoff points were
used to define overweight and obesity in adults (aged X19 years).
zInternational Obesity Taskforce (IOTF) cutoff points were used to
define overweight and obesity in all children (aged 2–18 years).
yKorean cutoff points for children by the Korea Centers for Disease
Control and Prevention (KCDC) were used to define overweight and
obesity in all children (aged 2–18 years).
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The combined prevalence of child overweight and obesity
(using IOTF cutoff points: BMI X25 kg m 2; hereafter overweight
and obesity) according to adult weight status by household
structure is shown in Figure 2 (results ignoring household
structure can be found in Supplementary Information 1). Among
children living with parents, 41.3% of children with overweight/
obese parents were also overweight/obese, compared with 14.6%
of children with normal-weight parents (Po0.001). The prevalence
of overweight and obesity among children living with parents
when only one parent was overweight/obese was slightly lower
than that when both parents were overweight/obese (24.5%
among only mother was overweight/obese and 25.9% among
only father was overweight/obese; Figure 2). Overweight and
obesity prevalence among children living with grandparents only
was almost twice as high if the grandparents were also
overweight/obese compared with normal weight (31.0 vs 15.8%,
respectively; Po0.01). There were no significant differences in the
prevalence of child overweight and obesity based on parental
overweight and obesity among those living with their mother
only (P¼ 0.0569) or father only (P¼ 0.8391). Similar patterns
are observed using KCDC cutoff points (Supplementary
Information 2–3).
Table 2 shows the adjusted ORs of children’s overweight and
obesity according to adult weight status (overweight and obese;
BMI X25 kg m 2, yes/no) and household structure using IOTF-
defined cutoff points. For children living with both parents, the
odds were significantly greater for children’s overweight and
obesity if both parents were overweight/obese (OR¼ 3.5, 95% CI:
2.71–4.65) compared with that when either parent was over-
weight and obese (mother only (OR¼ 1.6, 95% CI: 1.22, 2.12),
father only (OR¼ 1.7, 95% CI: 1.37, 1.99)) (Table 2).
Figure 2. The prevalence of overweight and obesity* in children
according to their parents’ weight status in households with
children using International Obesity Taskforce (IOTF) cutoff points,
KNHANES 2007–2010. *BMI X25 kgm 2 is defined as overweight or
obesity. ww2 tests were used to compare the prevalence of child
overweight and obesity according to parents’ and grandparents’
weight status.
Table 2. Adjusted odds ratiosa, for child overweight and obesityb and obesity by adult weight status and household structure in households with
children using IOTF cutoff points, KNHANES, 2007–2010
Effect By IOTF
Overweight and obesity Obesity
Adjusted odds ratio 95% CI Adjusted odds ratio 95% CI
Household structure Adult weight status
Living with both parents Neither parent overweight and obese Reference Reference
Only mother overweight and obese 1.6c 1.22–2.12 1.8 1.12–2.84
Only father overweight and obese 1.7 1.37–1.99 1.7 1.17–2.48
Both parents overweight and obese 3.5 2.71–4.65 5.0 3.29–7.54
Living with only mother Mother normal weight Reference Reference
Mother overweight and obese 2.2 1.22–3.82 3.7 1.37–10.21
Living with only father Father normal weight Reference Reference
Father overweight and obese 2.2 0.73–6.45 3.5 0.63–19.57
Living with only grandparent Grandparent normal weight Reference Reference
Grandparent overweight and obese 2.1 1.06–4.05 1.2 0.40–3.42
Sociodemographic factors
Sex Female Reference Reference
Male 1.8 1.52–2.09 2.1 1.54–2.97
Age (years) 2–6 Reference Reference
7–12 2.3 1.87–2.80 1.6 1.11–2.20
13–18 1.4 1.10–1.72 0.7 0.46–0.99
Incomed High (X250%) Reference Reference
Middle (120–250%) 1.0 0.80–1.16 0.9 0.70–1.27
Low (o120%) 1.2 0.90–1.54 1.4 0.93–2.13
Regione Rural Reference Reference
Small city 1.0 0.80–1.30 0.8 0.58–1.16
Large city 1.2 0.98–1.59 0.8 0.52–1.12
Education oHigh school diploma Reference Reference
XHigh school diploma 1.0 0.66–1.42 1.5 0.84–2.56
Household size 1.0 0.95–1.12 1.0 0.85–1.17
aAbbreviations: CI, confidence interval; IOTF, International Obesity Taskforce; MCL, minimum cost of living; KNHANES, Korea National Health and Nutrition
Examination Survey. Adjusted for child’s gender, age, region of residence (large city, small city, rural), highest education of adult in household (X12 years vso12
years) and household income (X250% minimum cost of living, 120–250% minimum cost of living, o120% minimum cost of living). bDefined as overweight or
obesity, BMIX25 kgm 2 using IOTF cutoff points. cValues in bold indicate statistical significance, Po0.05, based on the 95% CI. dCalculated values based on MCL
of each year. A family is considered poor if its income falls below MCL determined by government as poverty guideline. eLarge city: cities with population size
bigger than a million; small city: cities with population size 50000 to a million; rural: villages and towns with population size smaller than 50000.
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Among children living with their mother only or grandparents
only, the odds of overweight and obesity were significantly
greater if the adult in the household was also overweight/obese
compared with those children living with normal-weight adult
(mother only (OR¼ 2.2, 95% CI: 1.22, 3.82), grandparents only
(OR¼ 2.1, 95% CI: 1.06, 4.05)). The highest adjusted OR estimated
for obesity was observed among children living with both parents
when both parents were overweight/obese (OR¼ 5.0, 95% CI:
3.29, 7.54; see Table 2).
The adjusted odds for child overweight and obesity were
significantly higher for males (OR¼ 1.8, 95% CI: 1.52–2.09)
compared with females and among 7- to 12-year olds
(OR¼ 2.3, 95% CI: 1.87–2.80) and 13- to 18-year olds (OR¼ 1.4,
95% CI: 1.10–1.72) compared with 2- to 6-year olds (Table 2).
Similar patterns are observed when overweight and obesity are
defined using KCDC cutoff points (Supplementary Information 4).
DISCUSSION
Parental obesity has been identified as a predominant risk factor
for childhood overweight and obesity,34,35 with the heritability of
BMI estimated at about 40%.36 Although parental BMI is a readily
available marker for the susceptibility to obesity in children,37 the
role of household structure according to adult weight status has
not previously been examined to the best of our knowledge. In
this study, we found that the prevalence of overweight or obesity
among children is greater when at least one adult living in the
household is also overweight or obesity. Specifically, children
living with both parents have significantly increased odds of
overweight and obesity if one or both parents are overweight/
obese. Living with an overweight/obese mother only or
grandparent only was also associated with significantly greater
odds of overweight and obesity in children. Results for father were
suggestive of a similar relationship if the father was obese, but the
sample size was too limited to show a significant relationship.
Numerous studies34,38–42 have reported that maternal obesity is
a strong independent predictor of childhood obesity. Among
Brazilian children, odds of overweight was 1.4 (95% CI: 1.04–1.93)
times higher according to maternal overweight (BMI
X25 kg m 2),42 with similar results observed among elementary
school girls in Canada.39 Finally, the ORs of overweight and
obesity among preschool children in Japan were significantly
positively associated with maternal (OR¼ 2.61, 95% CI: 1.40, 4.85)
and parental (both parents) overweight and obesity (OR¼ 2.67,
95% CI: 1.20, 5.92).13 Parents’ obesity was associated with
overweight of girls aged 2–6 years (OR¼ 2.73, 95% CI: 1.22,
3.40) in a sample of 750 from Seoul, Korea.20 Parents’ obesity was
positively associated with risk of obesity in children aged 6–19
years (OR¼ 2.81, 95% CI: 1.4–5.64) in a sample of 163 from Asan
City, Korea.43 Our results focused on a nationally representative
sample of children aged 2–18 years and found an OR of 3.5 that
the child would be overweight when both parents were
overweight/obese and lower ORs of 1.6 and 1.7 when mother
and father were overweight/obese, respectively.
Whitaker et al.34 reported that the ORs for obesity in childhood
and young adulthood associated with having one obese parent
ranged from 2.2 (95% CI: 1.1, 4.3) at 15–17 years of age to 3.2 (95%
CI: 1.8, 5.7) at 1–2 years of age. In this result, the adjusted odds for
children being overweight among 7–12 years (OR¼ 2.3, 95% CI:
1.87, 2.80) and 13–18 years (OR¼ 1.4, 95% CI: 1.10, 1.72) were
compared with those among 2- to 6-year-old children. There is a
higher relationship between parent and children weight status
among younger children.18
However, the environmental factors contributing to the
expression of obesity among these at-risk children remain
unclear.42,44 Epstein et al. among others reported that parental
education and household income are independently associated
with overweight and obesity.42 But in our study, we did not find
any socioeconomic status measures linked with overweight and
obesity.
This study has several limitations. We did not have measures of
biological vs adopted parentage. Our sample size for father-
headed households was limited. In addition, it is possible that
both parental education and income do not affect child obesity
because of the relationship between socioeconomic status and
parental obesity status. Unfortunately, we feel that we do not have
the longitudinal data to unravel this relationship and do not
address this potentially important topic.
Childhood obesity is a growing public health issue.43 Although
this study adds to our current understanding of the role of the
family environment, and household structure in particular,
regarding the risk of overweight and obesity among children,
more studies are needed to further explore the role of household
structure in the context of parental influences.
Results from our study employing a nationally representative
sample population suggest that intervention and prevention
efforts targeted at families with overweight adults (parents or
grandparents), especially where both parents are overweight or in
households with overweight single mother, would be effective in
obesity prevention programs among children.
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